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Abstract 
A simplification of probability based approaches on safety assessments and predictions of structural members is discussed. The modelling 
of time-dependent survival probabilities and reliability indexes of particular and single members is defined in a simple and easy 
perceptible manner using uniformed correlation factors of their conventional sequences. These factors of safety margin processes are 
analyzed and demonstrated by numerical example. 
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1. Introduction 
The standards EN 1990 [1] and ASCE/SEI [2] are based on the limit state concept and, respectively, on the methods of 
the partial factor design and the strength or allowable stress design. However, the structural design practice shows that it is 
impossible to verify the safety and economy parameters of load carrying structures using deterministic methods and with 
their universal factors for loads and material properties. 
The reliability indexes of members and structural systems may be objectively defined only by fully probability-based 
concepts and models. According to these approaches, only probability-based concepts allow us explicitly predict basic and 
additional uncertainties of structural members in their analysis on the durability and long-term reliability. 
The probabilistic analysis of members is indispensible in order to predict their time-dependent destructions or failures. In 
the beginning of probabilistic structural analysis of equally correlated systems, the simplified methods of average and 
equivalent correlation coefficients were used [3]. The new mathematical probabilistic formats used in a long-term reliability 
prediction of structures are based on rather complicated considerations [4–8]. Thus, the engineering modeling of survival 
probabilities and reliability indexes as the counting responses of structures are still unsolved. 
The main task of this paper is to present for mechanical, structural, resident and management engineer’s new 
unsophisticated and uniform methodological formats on probability based safety assessments and predictions for non-
deteriorating and deteriorating particular structural members as components of series auto systems. The second aim of this 
paper is to demonstrate the difference between time-variant reliability response curves of non-deteriorating and deteriorating 
members as auto systems. 
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2. Safety margins of members 
Multicriteria failure modes and safety of structural members (beams, slabs, columns, joints) may be objectively assessed 
and predicted only knowing survival probabilities of their particular members (normal or oblique sections, connections). 
The structural reliability analysis is related with some methodological differences between non-deteriorating and 
deteriorating members. Therefore, it is expedient to divide the life cycle tn (Fig. 1) of deteriorating structures into the 
initiation, tin, and propagation, tpr, phases [9].  
 
Fig. 1. Time-dependent model for structural reliability assessment and prediction of non-deteriorating (1) and deteriorating (2) members 
A length of initiation phase is a random variable depending on a feature of degradation process, an environment 
aggressiveness and a quality of protective covers. The unvulnerability of structures may be characterized by the duration of 
this phase. When the degradation process of the members is caused by intrinsic properties of materials, the phase tin≈0. 
The time-dependent safety margin of particular members may be defined as their random performance process and 
presented as follows 
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where ( )tX and θ  are the vectors of basic and additional variables representing respectively random components 
(resistances and action effects) and their model uncertainties; ( ) ( )
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Gaussian and lognormal distribution laws are to be used for resistances of reinforced concrete and steel members, 
respectively [10]. The permanent actions can be described by a normal distribution law [12]. Lognormal and gamma or 
exponential distribution laws are presented respectively for sustainable and extraordinary floor live loads [9], [10]. The 
duration, d, and the renewal rates, λ, of extreme floor live and climate actions are: ng td = , ng t/1=λ ; yearsd
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The recurrence number of two joint extreme actions during the design working life of structures, t
n
 in years, may be 
presented by the equation 
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The dangerous cuts of process by Eq. (1) correspond to extreme loading situations of structures. Therefore, in design 
practice this safety margin process may be modeled as a random geometric distribution and treated as a finite decreasing 
random sequence, when the safety margin of member is  
 
,
s e
k R k g g q q k q q k cl cl kZ R E E E E= − − − −θ θ θ θ θ , (3) 
where nnk ,1...,2,1 −=  is the number of cuts (Fig. 1). 
3. Instantaneous survival probabilities of members 
Multi-cut sequences of random safety margins of particular members can be idealized as their series auto systems. The 
instantaneous probability of failure of these members in mode k is ( )0kZ ≤P . 
Structural members as series auto systems are safe, if each their particular member as individual component is safe. The 
degree of this safety expressed by probabilistic responses depends on the correlation intensity between safety margin cuts. It 
is safer but not relational for structural members to ignore the correlation between these cuts. 
The instantaneous survival probability of particular and single members with respect to their failure mode at the safety 
margin sequence cut k is assuming, that they were safe at sequence cuts 1, ..., k-1. Therefore, their instantaneous survival 
probability at cut k may be expressed as 
 ( ) ( )
1
1
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k
k k k i
i
Z S F S
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For design convenience, the structural safety analysis of members may be based on the limit state criterion 0>−
kk
ER , 
where 
k
E is the resultant action effect, and can be modeled using multidimentional integral as 
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As it is shown, the survival probability of an single member in series systems or any particular member in series auto 
systems is represented by the limit state domain { } 0>θ
k
Xg . 
The resistance 
k
R  and resultant action effect 
k
E may be treated as statistically independent variables of random safety 
margins sequences. Therefore, the instantaneous survival probability of particular and structural members can be expressed 
by convolution multidimentional integral as 
 ( ) [ ]{ } ( ) ( )
0
1,
k kk k k R E
S R E k n f x F x dx
∞
= > ∃ ∈ = ∫P P , (6) 
where ( )xf
kR
 is the density function of their resistance and ( )xF
kE
 is the cumulative distribution function of their action 
effect (Fig. 2). The value of probability by Eq. (6) may be modeled using analytical numerical integration and Monte Carlo 
methods or their programs. 
 
Fig. 2. Schematic representation of an instantaneous survival probability analysis 
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4. Indexed correlation factor for random sequences 
The correlation between resistances of particular members always has a great effect on the counting probabilistic 
response [13]. The time-variant safety margin of members must be treated as a non-stationary process. Therefore, it is rather 
complicated to define the survival probability of multicuts sequences in easy perceptible manner. However, this impediment 
may be removed in design practice using the indexed correlation factors of conventional random sequences. 
The correlation factor of a finite sequence consisted of k stochastic cuts can be formed from random k-th row, 
1...,,1 −=∃ ki
ki
ρ , or random k-th column, 1...,,1 −=∃ kiikρ , of a quadratic correlation matrix by Eq. (7) of basic 
correlation coefficients 
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−
−
−
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−
=
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ρ
ρ ρ ρ ρ
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The value of correlation factors as correlation vectors ikkik ρρρ ==  may be calculated from the Eqs. (8) or (9) 
 ( ) ( )1 2 3 , 1... / 1ki k k k k k k−≈ + + + + −ρ ρ ρ ρ ρ , (8) 
 ( ) ( )1 2 3 1,... / 1ik k k k k k k−≈ + + + + −ρ ρ ρ ρ ρ , (9) 
The basic correlation coefficients of rank safety margin cuts are calculated by the equation 
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k i
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= =
×
ρ ρ
σ σ
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where ( ),k iCov Z Z and ,k iZ Zσ σ are the auto covariance and standard deviations of stochastic sequence cuts. 
According to our investigation data, the bounded index, 
k
x , of indexed correlation factors, k
x
k
ρ , of random sequences 
may be presented as 
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4.5 4
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−⎣ ⎦
ρ
ρ
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where 
 
( )
( )
2
1 2
k
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i
k
P S
k k
=
υ =
− +
∑
, (12) 
characterizes the effect of correlation vector size on a bounded index value. For highly reliable members, the instantaneous 
survival probability ( ) 1≈
i
SP  and the Eq. (12) may be written as follows 
 ( ) ( )1 1 2 1 2k k k k k⎡ ⎤υ = − − + = +⎣ ⎦ , (13) 
For conventional sequences with equicorrelated cuts, the correlation factor k ij=ρ ρ i.e. its value is equal to a basic 
correlation coefficient. 
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5. Time-dependent survival probabilities of members 
The methods on time-dependent structural reliability analysis were proposed by Mori Y. and his colleagues 
Ellingwood B.R. [14] and Nanoka M. [15], but these and other approaches are not included in design codes and standards. 
The total failure probability of ductile members is the union of all possible failure modes of auto systems and may be 
expressed as 
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SFP  denotes a statistical dependence between a failure probability of members under 
k-th loading situation and their survival probabilities under previous loading. 
The total survival probability of non-deteriorating members as series auto systems consisted of n random cuts of their 
safety margin sequences ( ) ( ) ( )1 2 ... nP S P S P S≤ ≤ ≤  can be expressed as 
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where the transition probability of safety margin sequence cuts k and i=1, ..., k-1 is 
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When the cuts of a safety margin sequence are statistically independent, i.e. 0... 21
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For random sequences or series systems with equireliable and equicorrelated cuts or elements, the correlation factor 
index by Eq. (11) and transition probability by Eq. (16) may be expressed as  
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The survival probability of deteriorating members as series auto systems expressed by decreasing sequences, 
( ) ( ) ( )
n
SPSPSP >>> ...
21
, may be calculated from the formulas 
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where the transition probability of sequence cuts is 
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The survival probability of structural members may be also introduces by the reliability indexes as 
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Fig. 3. Reliability indexes versus correlation factors when system consists of one, two, five and ten elements 
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The results calculated by Eqs. (15) and (22) corroborate to data presented in the papers [9, 13, 3] for equicorrelated series 
systems consisting of two, five and ten elements (Fig. 3). 
It is shown that the values of time-dependent reliability indexes based on conventional stochastic sequence approaches 
and expressed by Eq. (22) (curves 3, 5, 7) are close to the numerical integration data (curves 2, 4, 6). 
6. Numerical example 
Consider the long-term survival probability and reliability index of non-deteriorating and deteriorating roof steel beams 
of a scrap metal shed (Fig. 4). 
The destroying bending moments of beams Eg, Eq and Es are caused by a permanent action G  of steel roof structures and 
hanging crane crabs, variable loads Q  of scrap metals and S of snow depth. 
 
Fig. 4. Traversing underslung crane 
The means and variances of the beam resisting and destroying parameters are: 
 ( ) 1.297
0
=
mR
Rθ  kNm, ( ) 9.5640
2
=R
R
θσ  (kNm)2; 
 ( ) 28.18=
mgE
Eθ  kNm, ( ) 342.32 =gEEθσ (kNm)2; 
 ( ) 19.52=
mqE
Eθ  kNm, ( ) 0.1092 =qEEθσ  (kNm)2; 
 ( ) 67.54=
msE
Eθ kNm, ( ) 0.2692 =
sE
Eθσ  (kNm)2. 
 
Fig. 5. The time-dependent instantaneous and long-term reliability indexes  
of non-deteriorating (1, 2) and deteriorating (3, 4) members 
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Fig. 6. The time-dependent instantaneous and long-term survival probability  
of non-deteriorating (1, 2) and deteriorating (3, 4) members 
These parameters are described by normal (R and Eg), lognormal (Eq) and Gumbel (Es) probability distributions laws. 
The degradation function of deteriorating beams is ( ) tt ×−= 00375.01ϕ . 
The instantaneous and long-term survival probabilities of beam are calculated by Eqs. (6) and (15), (16) and the 
reliability index is defined by Eqs. (22) and (23). The time-dependent instantaneous (1, 3) and long-term (2, 4) reliability 
indexes and survival probabilities based on conventional stochastic sequences method are presented in Figs. 5 and 6, 
respectively. 
This numerical example satisfied that the suggested method of conventional stochastic sequences is unsophisticated and 
may be included in structural design practice. 
7. Conclusions 
It is expedient to use in structural design practice the simplified approaches based on the conventional stochastic 
sequence and correlation factor concepts. These concepts help us to formulate the probabilistic method uniformed for an 
analysis of non-deteriorating and deteriorating ductile members. 
New approaches in applicable stochastic sequence theory help us introduce unsophisticated probability based 
methodological and mathematical formats for safety assessments, verifications and predictions of structural members. For 
practical sake of a probabilistic design, the safety margin process or time-dependent performance criterion of structural 
ductile members may be treated as a random sequence. 
Survival probabilities and reliability indexes of time-dependent particular and single structural members, respectively as 
normal or oblique sections and beams, columns, slabs or joints, may be defined in a simple and easy perceptible manner 
using uniformed correlation factors of their conventional sequences. 
The position of stochastically dependent cuts of conventional sequences is matched with extreme loading situations of 
members as components of series auto systems. The format for representation of indexed correlation factor is presented in 
this paper. 
A degradation function of member resistance may have a considerable effect not only on failure probabilities and 
reliability indexes of members, but also on shapes of their curves. 
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